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S u lf in e s  re p re a e n t a  b en t h e te ro cu m u le n ic  system , a s  was re co g n iz e d  f i r s t  by 
p }
King and D u rst f o r  c h lo r o -p h e n y l-s u lf in e  ( th io b e n z o y lc h lo r id e -S -o x id e ) , and
l a t e r  a ls o  by u s ^  f o r  s u l f i n e s  d e riv e d  from d i th io c a r b o x y l ic  e s t e r s  and by an
I t a l i a n  g ro u p ^  f o r  a ro m a tic  s u l f i n e s .
The g e o m e tr ic a l  isom era o f  o h lo ro -p h e n y l-s u lf in e  were d is tin g u is h e d  by means
2 )o f  t h e i r  d ip o le  moments The Z - and E -geom etry  o f  p h e n y l-p h e n y lth io -s u lf in e s
(fo rm u la  I I I  in  Table I I )  was a ss ig n e d  on th e  b a s is  o f  t h e i r  NMR s p e e tra ^ 0 ^. In
th e  E -iso m er two a ro m a tic  p ro to n s  ( o rth o -h y d ro g e n s) a re  s h i f t e d  d ow nfield  a s  a  — — —  \
con sequ en ce o f  t h e i r  exp osu re  to  th e  m agn etic  a n is o tr o p ic  d e s h ie ld in g  e f f e c t  7 o f
th e  5 0 -p a r t  o f  th e  CSO -system , w hereas th e  s p a t i a l  p o s i t io n  o f  th e  30-g ro u p  in  th e
—  ^c )^ -is o m e r i s  such th a t  t h i s  e f f e c t  on th e  a ro m a tic  p ro to n s i s  n e g l ig i b l e  . How-
e v e r , d i f f i c u l t i e s  a r i s e  when t h i s  d e s h ie ld in g  e f f e c t  o f  th e  s u lf in e  m oiety  i s
used to  d i f f e r e n t i a t e  betw een is o m e ric  s u lf i n e s  in  which hydrogens which a r e  e x -
p e cte d  to  be s h if te d  a r e  e i t h e r  ob scu red  by o th e r  a ro m a tic  s ig n a ls  ( e .g .  a s  in
s u l f i n e  I ,  Table I I ) ,  o r  s u b s ti tu te d  by o th e r  g ro u p s , e .g .  m ethyl groups (s e e
T able I I I ) .  D if f e r e n t i a t io n  betw een th e  is o m e ric  forms o f  m e s i-ty l-p h e n y lth io -s u l-
f in e  (fo rm u la  I I I  in  Table I I ) ,  which r e p r e s e n ts  an example o f  th e  l a t t e r  c a s e s
l e icou ld  be accom p lished  by com parison o f  d ip o le  moments-1 ' .
However, d e te rm in a tio n s  o f  d ip o le  moments a re  q u ite  la b o rio u s  and re q u ire  
c o n s id e ra b le  amounts o f  m a t e r i a l .  M oreover, th e  method i s  on ly  a p p lic a b le  when 
th e  groups a tta c h e d  to  th e  s u l f i n e  system  d i f f e r  s u f f i c i e n t l y  in  group d ip o le  
moment. To circu m ven t th e s e  problem s we have been s e a rc h in g  f o r  a  sim ple and r e -  
l i a b l e  s p e c tro s c o p ie  method.
As i s  w ell docum ented^  la n th a n id e  com p lexes, Eu(DPM)^ f o r  in s ta n c e ,  when 
c o o rd in a te d  w ith  c e r t a i n  fu n c tio n a l  grou p s in d uce rem ark ab le changes in  th e  Che­
m ica l s h i f t s  o f  p ro to n s . I t  i s  assumed t h a t  in  s u lf in e s  Eu(DPM)^ com plexes a t  th e  
oxygen atom o f  th e  CSO -system , j u s t  a s  i t  does in  o rd in a ry  s u lf o x id e 3^ \
B ecau se  th e  CSO-system i s  b e n t , co m p lexatio n  a t  oxygen w i l l  r e s u l t  in  a  l a r g e r  
s h i f t  f o r  p ro to n s in  a syn p o s it io n  th an  f o r  th o se  in  an a n t i  p o s i t i o n . This s t a ­
tem ent o n ly  h old s f o r  p ro to n s  which a r e  a itu a te d  in  th e  d i r e c t  environm ent o f  th e  
C30 m o ie ty . The e f f e c t  o f  Eu(DPM)^ on th e  s p e c t r a  o f  sy m m e trica lly  d i- p a r a - su b -
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s t i t u t e d  d ip h e n y lsu lfin .e s  (s e e  Table I )  d em o n strates  th a t  th e  o r th o -p ro to n s  o f  
r i n g  A ( syn p ro to n s ) a r e  s h i f t e d  co n s id e ra b ly  more d ow nfield  th an  th e  o r th o -p r o -  
to n s  o f  th e  B -r in g  ( a n t i  p r o to n s ) .  The d a ta  a ls o  c l e a r l y  r e v e a l  th a t  f o r  th e  syn  
and a n t i  m e ta -p ro to n s  th e  d i f f e r e n c e s  in  A& a re  n e g l ig i b l e  (presum ably b ecau se  
o f  b a la n c in g  o f  th e  in f lu e n c e  o f  and 6  in  th e  M cC onn ell-R ob ertson  equation® ^, 
= k (3 c o s ^©-1 ) / t ^  ) 0^
S
T able 1 ^  Eu(DPM)^ in d uced  s h i f t s  ( A & ) f o r
X : o-H (A) o-H (B ) m-H(A) m-H(B)
H 2 .7 7 1 . 0 0 0 .4 0 0 .4 0
ch 3 2 .9 5 1 . 1 1 0 .4 2 0 .3 8
OCH, 3 .1 1 1 . 1 8 0 .5 0 0 .4 8
Cl 2 .8 2 1 . 1 1 0 .4 2 0 .4 3
A& =^[CDC13 + 0 . 3  e q u iv . Eu(DPM)3]  -  <f(CDCl3 )
C o n c .s u b s tr a te : 0 .1 2  m m ole/0 .5  ml CDCl^, s p e c t r a  re co rd e d  w ith  a  V arian  T -6 0 .
This d if f e re n o e  in  A& f o r  syn and a n t i  p ro to n s  p ro v id e s  an e x c e l l e n t  method 
o f  d i f f e r e n t i a t i n g  betw een Z - and B -iso m ers o f  s u l f i n e s .  As i l l u s t r a t e d  in  Table  
IT th e  a S -v a lu e  f o r  o r t h o - p ro to n s  o f  th e  A -rin g  in  th e  E - s e r i e s  ( syn p ro to n s )  
i s  much l a r g e r  th an  t h a t  f o r  th e  o r th o -p ro to n s  o f  th e  A -rin g  in  th e  ^ -iso m ers  
( a n t i  p r o to n s ) .  A gain , th e  d a ta  show t h a t  a  c o n s id e ra b le  d i f f e r e n c e  betw een syn 
and a n t i  p ro to n s  i s  o n ly  ob served  when th e y  a r e  s i t u a t e d  in  th e  im m ediate v i c i -  
n i t y  o f  th e  s u lf i n e  m o ie ty .
10)
Table XC Eu(DPM)3 induced shift (AS) for E_- and Z^ - sulfines
E - series Z - series
s r1-77 
3J/. L1-10 ai7 ' i.oo
E-series Z- series 
S






a ) > c - s - O - 018
Q51 I a20 f\ L029
0B5 061
AS= see Table I ;  Conc 30mg/05mL; Spectra were recorded with a Varian T-60
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We now tu rn  ou r a t t e n t i o n  to  s u l f i n e s  in  which th e  o r t h o - p ro to n s  a re  s u b s t i -  
tu te d  by m ethyl g rou p s. The r e s u l t s  w ith  Eu(DPM)^ f o r  m e s ity l  s u b s ti tu te d  s u l f i ­
n es (s e e  Table I I I )  show th a t  th e  d if f e r e n c e s  in  A& f o r  th e  o rth o -m e th y l groups 
in  th e  E - ( syn m eth y ls) and th e  ^ - s e r i e s  ( a n t i  m eth y ls) a r e  much s m a lle r  th an  th o -  
se  found f o r  th e  o rth o -h y d ro g e n s in  t h e i r  u n a u b stitu te d  an a lo g s  (T ab le  I I ) .  
However, th e s e  d if f e r e n c e s  in  f o r  th e  m e s ity l  s u lf in e s  a r e  s t i l l  o f  such  a  
m agnitude th a t  a  Z o r  E gebm etry can  be r e l i a b l y  a ss ig n e d .
T able I I I 1 ^  Eu(DPM)^ in d uced  s h i f t s  ( A & ) f o r  o -m eth yl g ro u p s.
X:_________ phenyl 2-n ap th .yl 2 - t h i e n y l  e th y l
A S : E 1 .4 6  1 .1 7  0 .9 6  1 .1 7
„ : Z 0 .9 6  0 .6 7  0 .7 8  0 .9 0
A<S = ^ [c D d 3 + 0 .3 0  e q u iv . E u(D B J)3] -£ (C D C 1 3 )
C o n c .su b stp a te s  30 m g /0 .5  m l, s p e c t r a  were run  on a  V arian  A -6 0 .
A f u r t h e r  d i s t i n c t i o n  betw een th e s e  iso m e ric  m e s i ty l -s u b s t i t u t e d  s u l f i n e s  
was made by means o f  a ro m a tic  s o lv e n t  induced s h i f t s  (A S IS ). I t  i s  known1^  th a t  
benzene a s s o c i a t e s  w ith  th e  p o s i t i v e  end o f  a  d ip o le  in  a  m o le cu le . A cco rd in g ly , 
in  th e  E - s e r i e s  benzene w i l l  com plex a t  th e  rig h t-h a n d  s id e  o f  th e  m olecu le  and 
in  th e  ^ - s e r i e s  a t  th e  le f t -h a n d  s id e  (fo rm u la s , see  Table I V ) . As a  consequence  
o f  t h i s  s o lv e n t m olecu le  o r i e n t a t i o n  th e  o r th o -m eth yl s ig n a ls  in  th e  Z -s e r i e s  w i l l  
be s h i f t e d  more to  h ig h e r  f i e l d  th an  in  th e  E ^ s e r ie s . The r e s u l t s  a re  l i s t e d  in  
T able IV . The co n clu s io n s  w ith  r e s p e c t  to  th e  geom etry o f  th e  m o lecu les  a r e  en - 
t i r e l y  c o n s is te n t  w ith  th o s e  o b ta in e d  w ith  th e  Eu(DFM)3 s h i f t  re a g e n t .
111T able IV ASIS f o r  £ -m e th y l g ro u p s.
A
—^ c - s - x
X:________phenyl 2 -n a p th y l 2 - th ie n y l  e th y l
: E 0 .0 7  0 .0 9  0 .0 8  0 .0 3
„ s Z 0 .1 8  0 .1 9  0 .1 9  0 .2 1
A  S = S (CDCl^)- S (C gD g). S p e c tra  were ru n  on a  V arian  A -60 .
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In  c o n c lu s io n , la n th a n id e  induced s h i f t s  and A 5I3 may be u s e fu l in  a s s ig n in g  
th e  geom etry  to  s u l f i n e s .
R e fe re n ce s  and N otes
1 . P a r t  XIX in  th e  s e r i e s  "C h em istry  o f  S u lf in e s " .
P a r t  X V III , A. Tangerman and B . Zwanenburg, J .C .S .  P e rk in  I I . in  p r e s s .
2 .  J . P .  King and T. D u rs t . J.A in er.C hem .Soc. . 8 5 , 2676 ( 1 9 6 3 ) ;  C an.J.C hem . . 4 4 .
819 (1 9 6 6 ) .
3 .  B . Zwanenburg, L . T h ijs  and J .  S t r a t i n g ,  a :  T etrah ed ro n  L e t t e r s . 3453 (1 9 6 7 ) ;  
b : 2871 (1 9 6 8 ) ;  c :  R ec.T rav .C h im . . 2 g , 614  (1 9 7 1 ) .
4 .  3 .  G h e r s e t t i ,  L . L u n a z z i, 0 .  M accagnani and A. M angini, Chem.Comm. . 834 (1 9 6 9 ) .
5 .  B . Zwanenburg, L . T h ijs  an d 'A . Tangerman, T e tra h e d ro n . 2 2 ,  1731 ( 1 9 7 1 ) .
6 .  R. von Ammon and R.D. F i s c h e r Angew.Chem. . 8 4 . 737  ( 1 9 7 2 ) .
7 .  R .R . F r a s e r  and Y .Y . W ig f ie ld .'■ Chem.Comm. . 1471 ( 1 9 7 0 ) ;  K.K. Andersen and 
J . J .  U eb el, T etrah ed ro n  L e t t e r s . 5253  ( 1 9 7 0 ) ;  M. K is h i , K. T o ri and T. Komeno, 
i b i d . 3525 (1 9 7 1 ) .
8 .  H. McConnell and R .E . R o b ertso n , J .C h em .P h ys. , 2 2 , 1361 (1 9 5 8 ) .
9 .  Por th e  p re p a ra tio n  o f  th e s e  s u l f i n e s ,  see  r e f . 5 .
1 0 . The new s u lf i n e s  I  and IV were p rep ared  from th e  co rre sp o n d in g  th io n e s  by 
o x id a tio n  w ith  m -ch lo ro p e rb e n z o ic  a c id  ( c f . r e f . 3 c  and 5 ) ;  th e  s u l f i n e s  I I  were 
k in d ly  su p p lied  by P r o f e s s o r  M accagnani.
1 1 . Por th e  p re p a ra tio n  o f  th e s e  s u l f i n e s ,  se e  r e f .1  (p a r t  X V III o f  t h i s  s e r i e s )  
and r e f . 3 c .
12 . J .  Ronayne and D.M. W illia m s, J .C h em .S o c. ( B ) ,  540  ( 1 9 6 7 ) .
